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Recently, Krasner (m, n)-hyperrings were introduced and analyzed by Mirvakili and
Davvaz. Krasner (m, n)-hyperrings are a suitable generalization of Krasner hyperrings.
This paper concerns a relationship between fuzzy sets and hyperstructure theory. It is
a continuation of the ideas presented by Davvaz et al. (2009) [B. Davvaz, P. Corsini,
V. Leoreanu-Fotea, Fuzzy n-ary subpolygroups, Computers & Mathematics with Applica-
tions 57 (2009) 141–152]. The aim of the paper is to introduce the notion of a fuzzy hy-
perideal of a Krasner (m, n)-hyperring and to extend the fuzzy results to Krasner (m, n)-
hyperrings.
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1. Introduction
Hyperalgebras and power algebras are pairs (A; (fi)i∈I) consisting of a set A and an indexed or non-indexed set of
operations fi : A × · · · × A −→ ℘∗(A) in the first and fi : A × · · · × A −→ ℘(A) in the second case. Here ℘(A) is
the power set of A and ℘∗(A) = ℘(A) \ {∅}. The general theory of hyperalgebras, power algebras, hyper-coalgebras and
power coalgebras can be studied as application of (F1, F2)-systems where F1 and F2 are appropriate set-valued functors [1].
There are applications in several branches of mathematics and in computer science. For instance, hyperalgebras are used
to prove that any non-deterministic automaton is equivalent to a deterministic one. n-ary groups and n-ary semigroups
are algebras with one n-ary operation which is associative and invertible (in the first case) in a generalized sense. The idea
of investigations of n-ary algebras seems to go back to Kasner’s lecture [2] at the 53rd annual meeting of the American
Association of the Advancement of Science in 1904. But the first paper concerning the theory of n-ary groups was written
(under the inspiration of Emmy Noether) by Dörnte in 1928 (see [3]). Since then many papers concerning various n-ary
algebras have appeared in the literature, for example see [4,5]. The concept of an n-ary hypergroup is defined by Davvaz
and Vougiouklis in [6], which is a generalization of the concept of hypergroup in the sense of Marty and a generalization
of an n-ary group, too. Then this concept was studied by Ghadiri and Waphare [7], Leoreanu-Fotea and Davvaz [8,9],
Davvaz et al. [10,11] and others.
Several books have been written on hyperstructure theory, see [12–15]. A recent book on hyperstructures [13] points
out their applications in fuzzy and rough set theory, cryptography, codes, automata, probability, geometry, lattices, binary
relations, graphs and hypergraphs. Another book [14] is devoted especially to the study of hyperring theory. Several kinds of
hyperrings are introduced and analyzed. The volume endswith an outline of applications in chemistry and physics, analyzing
several special kinds of hyperstructures: e-hyperstructures and transposition hypergroups. The theory of suitable modified
hyperstructures can serve as a mathematical background in the field of quantum communication systems. A well known
type of hyperring is called the Krasner hyperring [16]. Krasner hyperrings are essentially rings, with approximately modified
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axioms in which addition is a hyperoperation (i.e., a+ b is a set). Then this concept has been studied by a variety of authors.
Some principal notions of hyperstructure and hyperring theory can be found in [17,18,6,19–22].
The theory of fuzzy sets proposed by Zadeh [23] has achieved a great success in various fields. The study of fuzzy
hyperstructures is an interesting research topic of fuzzy sets. There is a considerable amount of work on the connections
between fuzzy sets and hyperstructures. This work can be classified into three groups. A first group of papers studies crisp
hyperoperations defined through fuzzy sets. This study was initiated by Corsini in [24] and then continued by him together
with Leoreanu in [25,26], by Leoreanu in [27], and others. A second group deals also with fuzzy hypergroups, but with a
completely different approach. It was introduced by Corsini and Tofan [28] and then studied by Kehagias, Konstantinidou
and Serafimidis [29,30], Sen, Ameri and Chowdhury [31], Leoreanu-Fotea and Davvaz [32]. A third group of papers concerns
the fuzzy hyperalgebras. This is a direct extension of the concept of fuzzy algebras (fuzzy (sub)groups, fuzzy lattices, fuzzy
rings etc.). This approach can be extended to fuzzy hypergroups. For example, given a crisp hypergroup (H, ◦) and a fuzzy
set µ, then we say that µ is a fuzzy subhypergroup of (H, ◦) if every cut of µ, say µt , is a (crisp) subhypergroup of (H, ◦).
This was initiated by Zahedi et al. [33] and continued by Davvaz [34,35], Davvaz and Corsini [36,37], also see [38–44].
Recently, Krasner (m, n)-hyperrings are introduced and analyzed by Mirvakili and Davvaz [45]. Krasner (m, n)-
hyperrings are a suitable generalization of Krasner hyperrings. This paper is a continuation of ideas presented by Davvaz,
Corsini and Leoreanu-Fotea [46]. The aim of the paper is to introduce the notion of a fuzzy hyperideal of a Krasner (m, n)-
hyperring and to extend the fuzzy results to Krasner (m, n)-hyperrings.
2. Krasner hyperrings and fuzzy hyperideals
Let H be a non-empty set and let ℘∗(H) be the set of all non-empty subsets of H . A hyperoperation on H is a map
◦ : H × H −→ ℘∗(H) and the couple (H, ◦) is called a hypergroupoid. If A and B are non-empty subsets of H , then we
denote
A ◦ B =
⋃
a∈A, b∈B
a ◦ b, x ◦ A = {x} ◦ A and A ◦ x = A ◦ {x}.
A hypergroupoid (H, ◦) is called a semihypergroup if for all x, y, z of H we have (x ◦ y) ◦ z = x ◦ (y ◦ z), which means that⋃
u∈x◦y
u ◦ z =
⋃
v∈y◦z
x ◦ v.
We say that a semihypergroup (H, ◦) is a hypergroup if for all x ∈ H , we have x◦H = H ◦ x = H . Themotivating example
was the following: Let G be a group and S be a subgroup of G. Then G/S = {xS | x ∈ G} becomes a hypergroup, where the
hyperoperation is defined in a usual manner x ◦ y = {z | z ∈ x · y}, where x = xS.
Now, we recall the definition of a Krasner hyperring.
Definition 2.1 ([16]). A Krasner hyperring is an algebraic structure (R,+, ·)which satisfies the following axioms:
(1) (R,+) is a canonical hypergroup, i.e.,
(i) for every x, y, z ∈ R, x+ (y+ z) = (x+ y)+ z,
(ii) for every x, y ∈ R, x+ y = y+ x,
(iii) there exists 0 ∈ R such that 0+ x = {x} for every x ∈ R,
(iv) for every x ∈ R there exists a unique element x′ ∈ R such that 0 ∈ x+ x′;
(We shall write−x for x′ and we call it the opposite of x.)
(v) z ∈ x+ y implies y ∈ −x+ z and x ∈ z − y;
(2) (R, ·) is a semigroup having zero as a bilaterally absorbing element, i.e., x · 0 = 0 · x = 0.
(3) The multiplication is distributive with respect to the hyperoperation+.
A Krasner hyperring (R,+, ·) is called commutative (with unit element) if (R, ·) is a commutative semigroup (with unit
element).
Some students of Krasner, namely Jean Mittas and D. Stratigopoulos have studied hyperrings and hyperfields. Other
names can be also quoted in this topic with interesting contributions: Corsini, Davvaz, Massouros, Nakassis, Vougiouklis,
Konguetsof, Dramalidis, Spartalis, Pinotsis, Kemprasit, Stefanescu, Leoreanu, Ameri and many others. We pick up from their
papers some constructions of hyperrings (see [14]) to indicate how these systems occur naturally in various contexts.
Example 2.2. Let R = {0, 1, 2} be a set with the hyperoperation+ and the binary operation · defined as follows:
+ 0 1 2
0 0 1 2
1 1 1 R
2 2 R 2
and
· 0 1 2
0 0 0 0
1 0 1 2
2 0 1 2
Then (R,+, ·) is a Krasner hyperring.
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Example 2.3. The first construction of a hyperring appeared in Krasner’s paper [16] and it is the following one: Consider
(F ,+, ·) a field, G a subgroup of (F∗, ·) and take F/G = {aG | a ∈ F}with the hyperaddition and the multiplication given by
aG⊕ bG = {cG | c ∈ aG+ bG},
aG bG = abG.
Then (F/G,⊕,) is a Krasner hyperring. If (F ,+, ·) is a unitary ring and G is a subgroup of the monoid (F∗, ·) such that
xG = Gx, for all x ∈ F , then (F/G,⊕,) is a Krasner hyperring with identity.
Example 2.4 ([47,48]). Let (G, ·) be a group, H = G ∪ {0, u, v}, where 0 is an absorbing element under multiplication and
u, v are distinct orthogonal idempotents, with
a · 0 = 0 · a = 0,
u2 = u,
v2 = v,
uv = vu = 0,
ug = gu = u, gv = vg = v for all g ∈ G.
If we define the hypersum on H by
a+ 0 = {a} for all a 6= 0,
a+ a = {a, 0} for all a ∈ H,
a+ b = H \ {a, b, 0} for all a, b ∈ H \ {0} and a 6= b,
then (H,+, ·) is a Krasner hyperring.
Example 2.5 ([21,49]). Let (G, ·) be a finite group withm elements,m > 3, and define a hyperaddition and a multiplication
on H = G ∪ {0}, by:
a+ 0 = 0+ a = {a} for all a ∈ H,
a+ a = {a, 0} for all a ∈ G,
a+ b = b+ a = H \ {a, b} for all a, b ∈ G, a 6= b,
a 0 = 0 for all a ∈ H,
a b = a · b for all a, b ∈ G.
Then (H,+,) is a Krasner hyperring.
Example 2.6 ([49]). If (H,≤,+) is a totally ordered group, then
x⊕ x = {t ∈ H | t ≤ x} for all x ∈ H,
x⊕ y = {max{x, y}} for all x, y ∈ H, x 6= y,
defines a structure of canonical hypergroup on H . If (H,+, ·) is a totally ordered ring (for example R) then (H,⊕, ·) is a
Krasner hyperring.
Example 2.7. Let R be a Krasner hyperring and let S be a multiplicatively closed subset of R such that 0 6∈ S. The relation—is
defined on R × S as follows: (a, s) ∼ (b, t) if and only if there exists u ∈ S such that uta = usb. This is an equivalence
relation on the set R× S. The equivalence class of (a, s) is denoted by a/s and we let S−1R be the quotient set. On S−1R, the
hyperoperation⊕ is defined by
a
s
⊕ b
t
=
{ c
st
| c ∈ ta+ sb
}
= ta+ sb
st
and the multiplication defined in the standard way. One can easily verify all conditions of definition. We prove only the
condition (v). Suppose that zr ∈ xs ⊕ yt = xt+ysst . Then there exists v ∈ xt+ ys such that zr = vst . Hence there exists u ∈ S such
that uzst = urv. Thus uzst ∈ ur(xt + ys) = urxt + urys, and so urxt ∈ uzst − urys and urys ∈ −urxt + uzst . Therefore
x
s
= urtx
urts
∈ uzst − urys
urts
= uzst
urts
− urys
urts
= z
r
− y
t
and yt ∈ −xs ⊕ zr . Therefore S−1R is a Krasner hyperring.
Definition 2.8. Let (R,+, ·) be a Krasner hyperring and A be a non-empty subset of R. Then A is said to be a subhyperring of
R if (A,+, ·) is itself a Krasner hyperring.
The subhyperring A of R is normal in R if and only if x+ A− x ⊆ A for all x ∈ R.
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Definition 2.9. A subhyperring A of a Krasner hyperring R is a left (right) hyperideal of R if r · a ∈ A (a · r ∈ A) for all
r ∈ R, a ∈ A. A is called a hyperideal if A is both a left and a right hyperideal.
Lemma 2.10. A non-empty subset A of a hyperring R is a left (right) hyperideal if and only if
(1) a, b ∈ A implies a− b ⊆ A,
(2) a ∈ A, r ∈ R imply r · a ∈ A (a · r ∈ A).
The concept of a fuzzy subset of a non-empty set first was introduced by Zadeh in 1965 [23]. Let X be a non-empty set.
A fuzzy subset µ of X is a function µ : X −→ [0, 1]. Let µ and λ be two fuzzy subsets of X , we say that µ is contained in
λ and we write µ ⊆ λ, if µ(x) ≤ λ(x) for all x ∈ X , and µ ∩ λ, µ ∪ λ are defined by (µ ∩ λ)(x) = min{µ(x), λ(x)} and
(µ ∪ λ)(x) = max{µ(x), λ(x)}. The notion of fuzzy subgroups was defined by Rosenfeld [50] and its structure was thereby
investigated. In addition, Liu [51] also introduced the notions of fuzzy subrings and ideals. Notice that the relationships
between the fuzzy sets and algebraic hyperstructures have been already considered by Corsini, Davvaz, Leoreanu, Zahedi
and others, for instance, the reader can refer to [13].
Definition 2.11. A fuzzy subset µ of a Krasner hyperring R is called a fuzzy hyperideal of R if the following conditions hold:
(1) min{µ(x), µ(y)} ≤ infz∈x+y{µ(z)} for all x, y ∈ R;
(2) µ(x) ≤ µ(−x) for all x ∈ R;
(3) max{µ(x), µ(y)} ≤ µ(x · y) for all x, y ∈ R.
If µ is a fuzzy hyperideal of R, then it is clear that
µ(x) = µ(−x), min{µ(x), µ(y)} ≤ inf
z∈x−y{µ(z)} for all x, y ∈ R.
Let X be a non-empty set. For a fuzzy subset µ of X , the level subset µt is defined by µt = {x ∈ X | µ(x) ≥ t}, t ∈ [0, 1].
A fuzzy hyperideal can be characterized in terms of its level subsets.
3. Canonical n-ary hyperrings
A mapping f : Hn −→ ℘∗(H), is called an n-ary hyperoperation. An algebraic system (H, f ), where f is an n-ary
hyperoperation defined on H , is called an n-ary hypergroupoid. Since we identify the set {x} with the element x, any
n-ary groupoid is an n-ary hypergroupoid.We shall use the following abbreviated notation: the sequence xi, xi+1, . . . , xjwill
be denoted by xji. For j < i, x
j
i is the empty symbol. In this convention f (x1, . . . , xi, yi+1, . . . , yj, zj+1, . . . , zn)will be written
as f (xi1, y
j
i+1, z
n
j+1). In the case when yi+1 = · · · = yj = y the last expression will be written in the form f
(
xi1,
(j−i)
y , znj+1
)
.
For non-empty subsets A1, . . . , An of H we define f (An1) = f (A1, . . . , An) = ∪{f (xn1) | xi ∈ Ai, i = 1, . . . , n}. An n-ary
hyperoperation f is called associative, if
f
(
xi−11 , f (x
n+i−1
i ), x
2n−1
n+i
) = f (xj−11 , f (xn+j−1j ), x2n−1n+j ) ,
holds for every 1 ≤ i < j ≤ n and all x1, x2, . . . , x2n−1 ∈ H . An n-ary hypergroupoid with the associative n-ary
hyperoperation is called an n-ary semihypergroup.
An n-ary hypergroupoid (H, f ) in which the equation b ∈ f (ai−11 , xi, ani+1) has a solution xi ∈ H for every ai−11 , ani+1, b ∈ H
and 1 ≤ i ≤ n, is called an n-ary quasihypergroup, when (H, f ) is an n-ary semihypergroup, (H, f ) is called an n-ary
hypergroup. An n-ary hypergroupoid (H, f ) is commutative if for all σ ∈ Sn and for every an1 ∈ Hn we have f (a1, . . . , an) =
f (aσ(1), . . . , aσ(n)). If an1 ∈ Hn we denote aσ(n)σ (1) as the (aσ(1), . . . , aσ(n)).
An element e ∈ H is called a scalar neutral element if
x = f
(
(i−1)
e , x,
(n−i)
e
)
,
for every 1 ≤ i ≤ n and for every x ∈ H .
Ifm = k(n− 1)+ 1, thenm-ary hyperoperation h given by
h(xk(n−1)+11 ) = f (f (. . . , f (f︸ ︷︷ ︸
k
(xn1), x
2n−1
n+1 ), . . .), x
k(n−1)+1
(k−1)(n−1)+2)
will be denoted by f(k). If k = 0 thenm = 1 and we denote f(0)(zm1 ) = z1.
An element 0 of an n-ary semihypergroup (H, g) is called a zero element if for every xn2 ∈ H we have
g(0, xn2) = g(x2, 0, xn3) = · · · = g(xn2, 0) = 0.
If 0 and 0′ are two zero elements, then 0 = g(0′, (n−1)0 ) = 0′ and so a zero element is unique.
Let (H, f ) be a commutative n-ary hypergroup.
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Definition 3.1. We say that (H, f ) is a canonical n-ary hypergroup (commutative n-ary polygroup) if
(1) there exists a unique e ∈ H , such that ∀x ∈ H , f (x, e, . . . , e︸ ︷︷ ︸
n−1
) = x,
(2) for all x ∈ H there exists a unique x−1 ∈ H , such that e ∈ f (x, x−1, e, . . . , e︸ ︷︷ ︸
n−2
),
(3) if x ∈ f (xn1), then for all i, we have xi ∈ f (x, x−1, . . . , x−1i−1, x−1i+1, . . . , x−1n ).
We say that e is the scalar identity of (H, f ) and x−1 is the inverse of x. Notice that the inverse of e is e.
We recall the following definition and examples from [46].
Definition 3.2. Let (H, f ) be a canonical n-ary hypergroup. A fuzzy subset of H is called a fuzzy n-ary subpolygroup of H if
the following axioms hold:
(1) min{µ(x1), . . . , µ(xn)} ≤ infz∈f (xn1){µ(z)}, for all xn1 ∈ H ,
(2) µ(x) ≤ µ(x−1), for all x ∈ H .
Example 3.3. Let µ be a fuzzy subhypergroup of a canonical hypergroup (H, ·). If for all x1, . . . , xn ∈ H , we define
f (xn1) = x1 · · · · · xn then (H, f ) is a canonical n-ary hypergroup with the same scalar identity and each element has the
same inverse as in the canonical hypergroup H and µ is a fuzzy n-ary subhypergroup of (R, f ).
Example 3.4. Let (L,∨,∧) be a modular lattice with zero. For x1, . . . , xn of L, we denote
An = x1 ∨ · · · ∨ xn and An(i) = x1 ∨ · · · ∨ xi−1 ∨ xi+1 ∨ · · · ∨ xn.
Define f (xn1) = {z | An = z ∨ An(i), 1 ≤ i ≤ n}. Then (L, f , 0 ,−1) is a canonical n-ary hypergroup, where for all x of L, we
have that the inverse of x is just x.
Now, we consider µ(0) = 1 and suppose that µ satisfies the condition: if z = x ∨ y, then µ(z) = µ(x) ∧ µ(y).
Notice that for all z ∈ f (xn1), we have z ∈ x1 ∨ · · · ∨ xn, which means that z ∨ x1 ∨ · · · ∨ xn = x1 ∨ · · · ∨ xn. According to
the property of µ, we have
min{µ(z), µ(x1), . . . , µ(xn)} = min{µ(x1), . . . , µ(xn)} ≤ µ(z),
so we obtain the condition (1) of the definition of a fuzzy n-ary subhypergroup. The condition (2) of this definition is clearly
satisfied since the inverse of x is x.
4. Krasner (m, n)-hyperrings
Mirvakili and Davvaz [45] defined Krasner (m, n)-hyperrings and obtained several results in this respect. We recall the
following definition and examples from [45].
Definition 4.1. A Krasner (m, n)-hyperring is an algebraic hyperstructure (R, f , g)which satisfies the following axioms:
(1) (R, f ) is a canonicalm-ary hypergroup,
(2) (R, g) is an n-ary semigroup,
(3) the n-ary operation g is distributive with respect to the m-ary hyperoperation f , i.e., for every ai−11 , a
n
i+1, x
m
1 ∈ R, 1 ≤
i ≤ n,
g(ai−11 , f (x
m
1 ), a
n
i+1) = f (g(ai−11 , x1, ani+1), . . . , g(ai−11 , xm, ani+1)),
(4) 0 is a zero element (absorbing element) of the n-ary operation g , i.e., for every xn−12 ∈ Rwe have
g(0, xn2) = g(x2, 0, xn3) = · · · = f (xn2, 0) = 0.
It is clear that every Krasner hyperring is a Krasner (2, 2)-hyperring. Also, every Krasner (m, 0)-hyperring is a canonical
m-ary hypergroup and every Krasner (0, n)-hyperring is an n-ary semigroup.
Example 4.2. Let (R,+, ·) be a ring and G be a normal subgroup of (R, ·), i.e., for every x ∈ R, xG = Gx. Set R¯ = {x¯ | x ∈ R},
where x¯ = xG and definem-ary hyperoperation f and n-ary multiplication g as follows:{
f (x¯1, . . . , x¯m) = {z¯ | z¯ ⊆ x¯1 + · · · + x¯m},
g(x¯1, . . . , x¯n) = x1x2 · · · xn.
It can be verified obviously that (R¯, f , g) is a Krasner (m, n)-hyperring.
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Example 4.3. Let (H,≤,+) be a totally ordered group and xm1 ∈ H . Set k ∈ {i | xi = max{x1, . . . , xn}} and c = card{i | xi =
max{x1, . . . , xn}}. Now, let
f (x1, . . . , xm) =
{{t ∈ H | t ≤ xk}, if c > 1,
xk, if c = 1.
It follows that (H, f ) is a canonical m-ary hypergroup on H . If (H,+, ·) is a ring, then it can be verified that (H, f , ·) is a
Krasner (m, 2)-hyperring.
Example 4.4. If (L,∧,∨) is a relatively complemented distributive lattice and if f and g are defined as:{
f (a1, a2) = {c ∈ L | a1 ∧ c = a2 ∧ c = a1 ∧ a2, a1, a2 ∈ L},
g(a1, . . . , an) = ∨ni=1 ai, ∀an1 ∈ L.
Then, it follows that (L, f , g) is a Krasner (2, n)-hyperring.
Let (R, f , g) be a Krasner (m, n)-hyperring then:
(1) For every x ∈ Rwe have−(−x) = x and−0 = 0.
(2) For every x ∈ R, 0 ∈ f (x,−x, (m−2)0 ).
(3) For every xm1 ,−f (x1, . . . , xm) = f (−x1, . . . ,−xm), where−A = {−a | a ∈ A}.
Let S be a non-empty subset of a Krasner (m, n)-hyperring (R, f , g). If (S, f , g) is a Krasner (m, n)-hyperring, then S called a
subhyperring of R.
Let I be a non-empty subset of R and 1 ≤ i ≤ n, we call I an i-hyperideal of R if
(1) I is a subhypergroup of the canonicalm-ary hypergroup (R, f ), i.e., (I, f ) is a canonical n-ary hypergroup.
(2) For every xn1 ∈ R, g(xi−11 , I, xni+1) ⊆ I .
Also, if for every 1 ≤ i ≤ n, I is an i-hyperideal, then I is called a hyperideal of R. Every hyperideal of R is a subhyperring of R.
Lemma 4.5. A non-empty subset I of a Krasner (m, n)-hyperring is an hyperideal if
(1) for every am1 ∈ I , f (am1 ) ⊆ I ,
(2) for every x ∈ I ,−x ∈ I ,
(3) for every xn1 ∈ R and 1 ≤ i ≤ n, g(xi−11 , I, xni+1) ⊆ I .
Proof. It is straightforward. 
5. Fuzzy hyperideals of Krasner (m, n)-hyperrings
Definition 5.1. Let µ be a fuzzy subset of R and 1 ≤ i ≤ n, we call µ is a fuzzy i-hyperideal of R if
(1) I is a fuzzy subhypergroup of the canonicalm-ary hypergroup (R, f ),
(2) for every xn1 ∈ R, µ(xi) ≤ µ(g(xn1)), for all xn1 ∈ R.
Also, if for every 1 ≤ i ≤ n, µ is a fuzzy i-hyperideal, then µ is called a fuzzy hyperideal of R.
Therefore, we have the following:
Corollary 5.2. A fuzzy subset µ of a Krasner (m, n)-hyperring R is called a fuzzy hyperideal of R if the following conditions hold:
(1) min{µ(x1), . . . , µ(xm)} ≤ infz∈f (xm1 ){µ(z)}, for all xm1 ∈ R;
(2) µ(x) ≤ µ(−x), for all x ∈ R;
(3) max{µ(x1), . . . , µ(xn)} ≤ µ(g(xn1)), for all xn1 ∈ R.
Example 5.3. Let R = {0, a, b, c}. Let f and g be two 2-ary operations defined by the following Cayley tables:
f 0 a b c
0 0 a b c
a a 0 c b
b b c 0 a
c c b a 0
g 0 a b c
0 0 0 0 0
a 0 a b c
b 0 a b c
c 0 0 0 0
Then R is a Krasner (2, 2)-hyperring (indeed, (R, f , g) is a ring). Clearly, a = −a, b = −b and c = −c. We define
µ(0) = t0, µ(c) = t1, µ(a) = µ(b) = t2,
where ti ∈ [0, 1], i = 0, 1, 2 and t2 < t1 < t0. It is not difficult to see that µ is a fuzzy hyperideal of R.
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Example 5.4. Suppose that R := {0, 1, 2, 3} and define a 2-ary hyperoperation+ on R as follows:
+ 0 1 2 3
0 0 1 2 3
1 1 {0, 1} 3 {2, 3}
2 2 3 0 1
3 3 {2, 3} 1 {0, 1}
It follows that (R,+) is a canonical 2-ary hypergroup. Let g be an n-ary operation on R such that
g(xn1) =
{
2 if xn1 ∈ {2, 3},
0 else.
Then, (R,+, g) is a Krasner (2, n)-hyperring [45]. Now, let α, β ∈ [0, 1] and β ≤ α. We define
µ(x) =
{
α if x = 0, 1
β if x = 2, 3.
Then µ is a fuzzy hyperideal of R.
Lemma 5.5. Any hyperideal of a Krasner (m, n)-hyperring R can be realized as a level subset of some fuzzy hyperideal of R.
Proof. Let I be a hyperideal of a given Krasner (m, n)-hyperring R and let µI be a fuzzy subset of R defined by
µI(x) =
{
t if x ∈ I
s if x 6∈ I
where 0 ≤ s < t ≤ 1 is fixed. It is not difficult to see that µ is a fuzzy hyperideal of R such that µt = I . 
The characteristic function of a non-empty subset A of a Krasner (m, n)-hyperring R is a fuzzy hyperideal of R if and only if
A is a hyperideal of R.
Theorem 5.6. A fuzzy subset µ of a Krasner (m, n)-hyperring R is a fuzzy hyperideal if and only if each its non-empty level subset
is a hyperideal of R.
Proof. Let µ be a fuzzy hyperideal of a Krasner (m, n)-hyperring R. If xm1 ∈ µt for some t ∈ [0, 1], then µ(xi) ≥ t for all
i = 1, 2, . . . ,m. Thus
t ≤ min{µ(x1), . . . , µ(xm)} ≤ inf
z∈f (xm1 )
{µ(z)},
which implies that µ(z) ≥ t for every z ∈ f (xm1 ). Therefore, f (xm1 ) ⊆ µt . Moreover, for x ∈ µt from µ(−x) ≥ µ(x) ≥ t it
follows−x ∈ µt . Now, suppose that xn1 ∈ R and xi ∈ µt , for some 1 ≤ i ≤ n. Then µ(xi) ≥ t . So we have
t ≤ µ(xi) ≤ max{µ(x1), . . . , µ(xn)} ≤ µ(g(xn1)),
which implies that g(xi−11 , µt , x
n
i+1) ⊆ µt . Hence, µt is a hyperideal of R.
Conversely, assume that every non-empty level subsetµt is a hyperideal of R. Let t0 = min{µ(x1), . . . , µ(xm)} for xm1 ∈ R.
Then obviously xm1 ∈ µt0 , consequently, f (xm1 ) ⊆ µt0 . Thus
min{µ(x1), . . . , µ(xm)} = t0 ≤ inf
z∈f (xm1 )
{µ(z)}.
Now, let x ∈ µt . Then µ(x) = t0 ≥ t , i.e., x ∈ µt0 . Since, by the assumption, every non-empty level set of µ is a hyperideal,−x ∈ µt0 . Whence µ(−x) ≥ t0 = µ(x). Now, suppose that max{µ(x1), . . . , µ(xn)} = µ(xi) = t1. Then xi ∈ µt1 . So we
obtain g(xn1) ∈ µt1 , which implies that t1 ≤ µ(g(xn1)). Hence,
max{µ(x1), . . . , µ(xn)} = t1 ≤ µ(g(xn1)).
In this way all conditions of definition are verified. This completes the proof. 
A strong level subset µ>t of a fuzzy set µ in R is defined by µ
>
t = {x ∈ R | µ(x) > t}.
Corollary 5.7. Let µ be a fuzzy set with the upper bound t0 of a Krasner (m, n)-hyperring R. Then the following are equivalent:
(1) µ is a fuzzy hyperideal of R.
(2) Each level subset µt , for t ∈ [0, t0] is a hyperideal of R.
(3) Each strong level subset µ>t , for t ∈ [0, t0] is a hyperideal of R.
(4) Each level subset µt , for t ∈ Im(µ) is a hyperideal of R, where Im(µ) denotes the image of µ.
(5) Each strong level subset µ>t , for t ∈ Im(µ) \ {t0} is a hyperideal of R.
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(6) Each non-empty level subset of µ is a hyperideal of R.
(7) Each non-empty strong level subset of µ is a hyperideal of R.
Let ϕ : R1 −→ R2 be a function and µ be a fuzzy set subset of R1. Then ϕ induces a fuzzy subset ϕ(µ) in ϕ(µ) in R2
defined by:
ϕ(µ)(y) =
 supx∈ϕ−1(y){µ(x)} if y ∈ ϕ(R1)0 otherwise.
Here ϕ(µ) is called the image of µ under ϕ.
Let λ be a fuzzy subset in R2. Then ϕ induces a fuzzy subset ϕ−1(λ) in R1 defined by ϕ−1(λ)(x) = λ(ϕ(x)) for all x ∈ R1.
Here ϕ−1(λ) is called the inverse image of λ under µ.
Lemma 5.8. Let R1 and R2 be two Krasner (m, n)-hyperrings. Let ϕ : R1 −→ R2 be a strong homomorphism.
(1) If µ is a fuzzy hyperideal of R1, then ϕ(µ) is a fuzzy hyperideal of R2.
(2) If λ is a fuzzy hyperideal of R2, then ϕ−1(λ) is a fuzzy hyperideal of R1.
Proof. It is straightforward. 
Let (R1, f , g) and (R2, h, k) be two Krasner (m, n)-hyperrings. The direct product R1 × R2 is a Krasner (m, n)-hyperring
such that for ai ∈ R1, bi ∈ R2,
(f × h)((a1, b1), . . . , (am, bm)) = {(a, b) | a ∈ f (am1 ), b ∈ h(bm1 )},
(g × k)((a1, b1), . . . , (an, bn)) =
(
g(an1), k(b
n
1)
)
.
Let µ, λ be fuzzy hyperideals of R1, R2, respectively. Then the product of µ and λ is the fuzzy subset µ× λ of R1 × R2 where
(µ× λ)(x, y) = min{µ(x), λ(y)} for all (x, y) ∈ R1 × R2.
Lemma 5.9. Let (R1, f , g) and (R2, h, k) be two Krasner (m, n)-hyperrings andµ, λ be fuzzy hyperideals of R1, R2, respectively.
Then µ× λ is a fuzzy hyperideal of R1 × R2.
Proof. It is straightforward. 
6. Fuzzy hyperideals with thresholds
A fuzzy subset µ of R of the form
µ(y) =
{
t 6= 0 if y = x,
0 if y 6= x.
is called a fuzzy point with support x and value t and is denoted xt . A fuzzy point xt is said to be belong to (resp. be quasi-
coincident with) a fuzzy set µ, written as xt ∈ µ (resp. xtqµ) if µ(x) ≥ t (resp. µ(x) + t > 1). If xt ∈ µ or xtqµ, then we
write xt ∈ ∨qµ. The symbol ∈ ∨qmeans neither ∈ nor q hold.
Definition 6.1. A fuzzy subset µ of a Krasner (m, n)-hyperring (R, f , g) is called an (∈,∈ ∨q)-fuzzy hyperideal of R if
(i) (x1)t1 , . . . , (xm)tm ∈ µ implies zt1∧t2∧···∧tm ∈ ∨qµ for all z ∈ f (xm1 ), tm1 ∈ (0, 1] and xm1 ∈ R,
(ii) xt ∈ µ implies (−x)t ∈ µ, for all t ∈ (0, 1] and x ∈ R,
(iii) (xi)t ∈ µ implies g(xn1)t ∈ ∨qµ, for all t ∈ (0, 1] and x, xn1 ∈ R, and for all 1 ≤ i ≤ n.
Proposition 6.2. Conditions (i), (ii) and (iii) in Definition 6.1 are equivalent, respectively, to the following conditions.
(1) (µ(x1) ∧ · · · ∧ µ(xm)) ∧ 0.5 ≤∧z∈f (xm1 ) µ(z) for all xm1 ∈ R,
(2) µ(x) ∧ 0.5 ≤ µ(−x) for all x ∈ R,
(3) µ(xi) ∧ 0.5 ≤ µ(g(xn1)) for all xn1 ∈ R, and for all 1 ≤ i ≤ n.
Proof. (i⇒ 1) Suppose that xm1 ∈ R. We consider the following cases:
(a) µ(x1) ∧ · · · ∧ µ(xm) < 0.5
(b) µ(x1) ∧ · · · ∧ µ(xm) ≥ 0.5.
Case a: Assume that there exists z ∈ f (xm1 ) such that µ(z) < (µ(x1) ∧ · · · ∧ µ(xm)) ∧ 0.5, which implies that
µ(z) < µ(x1) ∧ · · · ∧ µ(xm). Choose t such that µ(z) < t < µ(x1) ∧ · · · ∧ µ(xm). Then (x1)t , (x2)t , . . . , (xm)t ∈ µ,
but zt∈ ∨qµ, which contradicts (i)
Case b: Assume that µ(z) < 0.5 for some z ∈ f (xn1). Then
(x1)0.5, (x2)0.5, . . . , (xm)0.5 ∈ µ,
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but z0.5∈ ∨qµ, which is a contradiction. Therefore, (1) holds.
(ii⇒ 2): Suppose that x ∈ R. We consider the following cases:
(a) µ(x) < 0.5,
(b) µ(x) ≥ 0.5.
Case a: Assume that µ(x) = t < 0.5 and µ(x−1) = r < µ(x). Choose s such that r < s < t and r + s < 1. Then xs ∈ µ,
but (−x)s∈ ∨qµwhich contradicts (ii). So µ(−x) ≥ µ(x) = µ(x) ∧ 0.5.
Case b: Let µ(x) ≥ 0.5. If µ(−x) < µ(x) ∧ 0.5, then x0.5 ∈ µ, but (−x)0.5∈ ∨qµ, which contradicts (ii). Hence the
conditions (2) holds.
(iii⇒ 3): Suppose that xn1 ∈ R. We consider the following cases:
(a) µ(xi) < 0.5
(b) µ(xi) ≥ 0.5.
Case a: Assume that µ(g(xn1)) < µ(xi) ∧ 0.5, which implies that µ(g(xn1)) < µ(xi). Choose t such that µ(g(xn1)) < t <
µ(xi). Then (xi)t ∈ µ, but (g(xn1))t∈ ∨qµ, which contradicts (iii).
Case b: Assume that µ(g(xn1)) < 0.5. Then
(xi)0.5 ∈ µ,
but µ(g(xn1))0.5∈ ∨qµ, which is a contradiction. Therefore (3) holds.
(1⇒ i): Let (x1)t1 , (x2)t2 , . . . , (xn)tn ∈ µ. Then
µ(x1) ≥ t1, µ(x2) ≥ t2, . . . , µ(xn) ≥ tn.
For every z ∈ f (xn1), we have
µ(z) ≥ (µ(x1) ∧ · · · ∧ µ(xn)) ∧ 0.5 ≥ (t1 ∧ · · · ∧ tn) ∧ 0.5.
If t1 ∧ · · · ∧ tn > 0.5, then µ(z) ≥ 0.5 which implies that µ(z) + (t1 ∧ · · · ∧ tn) > 1. If t1 ∧ · · · ∧ tn ≤ 0.5, then
µ(z) ≥ t1 ∧ · · · ∧ tn. Therefore zt1∧···∧tn ∈ ∨qµ for all z ∈ f (xn1).
(2 ⇒ ii): Let xt ∈ µ. Then µ(x) ≥ t . Now, we have µ(−x) ≥ µ(x) ∧ 0.5 ≥ t ∧ 0.5, which implies that µ(−x) ≥ t or
µ(−x) ≥ 0.5 according to t ≤ 0.5 or t > 0.5. Therefore, (−x)t ∈ ∨qµ. Hence (ii) holds.
(3⇒ iii): Let (xi)t ∈ µ. Then
µ(xi) ≥ t.
We have
µ(g(xn1)) ≥ µ(xi) ∧ 0.5 ≥ t ∧ 0.5.
If t > 0.5, then µ(g(xn1)) ≥ 0.5 which implies that µ(g(xn1)) + t > 1. If t ≤ 0.5, then µ(g(xn1)) ≥ t . Therefore,
(g(xn1))t ∈ ∨qµ. 
By Definition 6.1 and Proposition 6.2, we obtain immediately:
Corollary 6.3. A fuzzy subset µ of a Krasner (m, n)-hyperring R is an (∈,∈ ∨q)-fuzzy hyperideal of R if and only if the
conditions (1), (2) and (3) in Proposition 6.2 hold.
Notice that ifµ is a fuzzy hyperideal of R according to Corollary 5.2, thenµ is an (∈,∈ ∨q)-fuzzy hyperideal of R according
to Definition 6.1. However, as the following example shows, the converse is not true.
Example 6.4. Consider the ring Z4 (clearly, it is a Krasner (2, 2)-hyperring). Let µ be a fuzzy subset of Z4 defined by
µ(x) =

0.7 if x = 0
0.3 if x = 1
0.9 if x = 2
0.3 if x = 3.
Then µ is an (∈,∈ ∨q)-fuzzy hyperideal of Z4 but it is not a fuzzy hyperideal (ideal) of Z4.
Definition 6.5. A fuzzy subset µ of a Krasner (m, n)-hyperring R is called an (∈,∈ ∨ q)-fuzzy hyperideal of R if for all
t, tn1 ∈ (0, 1] and x, xn1 ∈ R,
(i) zt1∧···∧tm∈µ implies there exists 1 ≤ i ≤ m such that (xi)ti∈ ∨ qµ for all z ∈ f (xm1 ), tm1 ∈ (0, 1] and xm1 ∈ R,
(ii) −xt∈µ implies xt∈ ∨ qµ, for all t ∈ (0, 1] and x ∈ R,
(iii) (g(xn1))t∈µ implies there exists 1 ≤ i ≤ n such that (xi)t∈ ∨ qµ for all t ∈ (0, 1] and x, xn1 ∈ R.
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Proposition 6.6. A fuzzy subset µ of a Krasner (m, n)-hyperring R is an (∈,∈∨q)-fuzzy hyperideal of R if and only if it satisfies:
(1) (µ(x1) ∧ · · · ∧ µ(xm)) ≤∧z∈f (xm1 )(µ(z) ∨ 0.5) for all xm1 ∈ R,
(2) µ(x) ≤ µ(−x) ∨ 0.5 for all x ∈ R,
(3) µ(xi) ≤ µ(g(xn1)) ∨ 0.5 for all xn1 ∈ R, and for all 1 ≤ i ≤ n.
Proof. We only prove (i)⇐⇒ (1). The proofs of (ii)⇐⇒ (2) and (iii)⇐⇒ (3) are similar.
(i) ⇒ (1): If there exist xm1 , z ∈ R with z ∈ f (xm1 ) such that µ(z) ∨ 0.5 < t = µ(x1) ∧ · · · ∧ µ(xn), then t ∈ (0.5, 1],
zt∈µ and (xi)t ∈ µ. By (i), we have (xi)tqµ. Then t ≤ µ(xi) and t + µ(xi) ≤ 1. Thus t ≤ 0.5. This is a contradiction with
t > 0.5. So µ(z) ∨ 0.5 ≥ µ(x1) ∧ · · · ∧ µ(xm) for all z ∈ f (xm1 ).
(1) ⇒ (i): Let xm1 ∈ R such that zt1∧···∧tm∈µ for some z ∈ f (xm1 ). Then µ(z) < min{t1, . . . , tm}. Then, we have the
following.
(a) If µ(x1) ∧ · · · ∧ µ(xm) ≤ ∧z∈f (xm1 ) µ(z), then µ(x1) ∧ · · · ∧ µ(xm) < t1 ∧ · · · ∧ tm, and consequently there exists
1 ≤ i ≤ m such that µ(xi) < ti. It follows that (xi)ti∈µwhich implies that (xi)ti∈ ∨ qµ.
(b) Ifµ(x1)∧· · ·∧µ(xm) >∧z∈f (xm1 ) µ(z), then by (1), we have 0.5 ≥ µ(x1)∧· · ·∧µ(xm). Hence, there exists 1 ≤ i ≤ n
such that µ(xi) ≤ 0.5 Putting (xi)ti ∈ µ, then ti ≤ µ(xi) ≤ 0.5, 1 ≤ i ≤ n, it follows that (xi)ti∈µ and thus for 1 ≤ i ≤ m,
(xi)ti∈ ∨ qµ. So (i) holds. 
Definition 6.7. Let α, β ∈ [0, 1] and α < β . Letµ be a fuzzy subset of a Krasner (m, n)-hyperring R. Thenµ is called a fuzzy
hyperideal with thresholds of R, if
(1) (µ(x1) ∧ · · · ∧ µ(xm)) ∧ β ≤∧z∈f (xm1 )(µ(z) ∨ α) for all xm1 ∈ R,
(2) µ(x) ∧ β ≤ µ(−x) ∨ α for all x ∈ R,
(3) µ(xi) ∧ β ≤ µ(g(xn1)) ∨ α for all xn1 ∈ R, and for all 1 ≤ i ≤ n.
Notice that if µ is a fuzzy hyperideal with thresholds (α, β], then we can conclude that
(1) µ is an ordinary fuzzy hyperideal when α = 0, β = 1;
(2) µ is an (∈,∈ ∨q)-fuzzy hyperideal when α = 0, β = 0.5;
(3) µ is an (∈,∈ ∨ q)-fuzzy hyperideal when α = 0.5, β = 1.
Now, we give a characterization of fuzzy hyperideals with thresholds by using their level sets.
Theorem 6.8. A fuzzy subset µ of a Krasner (m, n)-hyperring R is a fuzzy hyperideal with thresholds (α, β) of R if and only if
µt(6= ∅) is a hyperideal of R for all t ∈ (α, β].
Proof. Suppose thatµ is a fuzzy hyperidealwith thresholds ofR and t ∈ (α, β]. Let xm1 ∈ µt . Thenµ(x1) ≥ t, . . . , µ(xm) ≥ t .
Now
α < t = t ∧ β ≤ (µ(x1) ∧ · · · ∧ µ(xn)) ∧ β ≤
∧
z∈f (xm1 )
(µ(z) ∨ α).
So for every z ∈ f (xm1 )we have µ(z) ∨ α ≥ t > α which implies that µ(z) ≥ t and z ∈ µt . Hence f (xm1 ) ⊆ µt .
Now, let x ∈ µt . Then µ(x) ≥ t and so
α < t = t ∧ β ≤ µ(x) ∧ β ≤ µ(−x) ∨ α
which implies that µ(−x) ≥ t and so−x ∈ µt . This proves that µt is a hyperideal of R for all t ∈ (α, β]. Now, suppose that
xn1 ∈ R and xi ∈ µt , for some 1 ≤ i ≤ n and t ∈ (αβ]. Then µ(xi) ≥ t . Thus, we have
α < t = t ∧ β ≤ µ(xi) ∧ β ≤ max{µ(x1), . . . , µ(xn)} ∧ β ≤ µ(gn1 ) ∨ α.
Then, we obtain µ(g(xn1)) ≥ t or g(xn1) ∈ µt . Hence g(xi−11 , µt , xni+1) ⊆ µt and so µt is a hyperideal of R.
Conversely, let µ be a fuzzy subset of R such that µt (6=∅) is a hyperideal of R for all α < t ≤ β . If there exist xm1 , z ∈ R
with z ∈ f (xm1 ) such that µ(z) ∨ α < (µ(x1) ∧ · · · ∧ µ(xm)) ∧ β = t, then t ∈ (α, β], µ(z) < t , xm1 ∈ µt . Since µt
is a hyperideal of R so f (xm1 ) ⊆ µt . Hence µ(z) ≥ t for all z ∈ f (xm1 ). This is a contradiction with µ(z) < t . Therefore,
(µ(x1) ∧ · · · ∧ µ(xn)) ∧ β ≤ µ(z) ∨ α for all xm1 , z ∈ Rwhich implies that
(µ(x1) ∧ · · · ∧ µ(xn)) ∧ β ≤
∧
z∈f (xm1 )
(µ(z) ∨ α)
for all xm1 ∈ R. Hence the first condition of definition holds.
Assume that there exists x0 ∈ R such thatµ(−x0)∨ α < µ(x0)∧ β = t. Then t ∈ (α, β], x0 ∈ µt andµ(−x0) < t . Since
µt is a hyperideal,−x0 ∈ µt , we obtainµ(−x0) ≥ t . This is a contradiction withµ(−x0) < t . Henceµ(x)∧β ≤ µ(−x)∨α.
Hence the second condition of definition holds. Now, if there exist xn1 ∈ R such that
µ(g(xn1)) ∨ α < (µ(x1) ∨ · · · ∨ µ(xn)) ∧ β = µ(xi) ∧ β = t0,
then t0 ∈ (α, β], µ(g(xn1)) < t0 and xi ∈ µt0 . Since µt0 is a hyperideal of R, so g(xn1) ∈ µt0 . Hence µ(g(xn1)) ≥ t0. This is a
contradiction. 
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By the above theorem, we have the following corollary.
Corollary 6.9. Let µ be a fuzzy subset of a Krasner (m, n)-hyperring R. Then
(i) µ is an (∈,∈ ∨q)-fuzzy hyperideal of R if and only if the set µt(6= ∅) is a hyperideal of R for all t ∈ (0, 0.5].
(ii) µ is an (∈,∈ ∨ q)-fuzzy hyperideal of R if and only if the set µt(6= ∅) is a hyperideal of R for all t ∈ (0.5, 1].
Fuzzy logic is an extension of set theoretic variables in terms of the linguistic variable truth. Some operators, like
∧,∨,¬,→ in fuzzy logic are also defined by using truth tables, the extension principle can be applied to derive definitions
of the operators.
In the fuzzy logic, truth value of fuzzy proposition P is denoted by [P]. In the following, we display the fuzzy logical and
corresponding set-theoretical notions used in this paper:
[x ∈ A] = A(x),
[x 6∈ A] = 1− A(x),
[P ∧ Q ] = min{[P], [Q ]},
[P → Q ] = min{1, 1− [P] + [Q ]},
[∀xP(x)] = inf[P(x)],
|H P if and only if [P] = 1.
A function I : [0, 1] × [0, 1] −→ [0, 1] is called fuzzy implication if it is monotonic with respect to both variables
(separately) and fulfils the binary implication truth table:
I(0, 0) = I(0, 1) = I(1, 1) = 1, I(1, 0) = 0.
By monotonicity
I(0, x) = I(x, 1) = 1 for all x ∈ [0, 1],
where I is decreasing with respect to the first variable (I(1, 0) < I(0, 0)) and I is increasing with respect to the second
variable (I(1, 0) < I(1, 1)).
Of course, various implication operators have been defined. The following are the most important multi-valued
implications:
Ig(α, β) =
{
1 if α ≤ β
β if α > β,
Icg(α, β) =
{
1 if α ≤ β
1− α if α > β,
Igr(α, β) =
{
1 if α ≤ β
0 if α > β.
In the followingdefinitionwe consider the definition of implication operator in the Lukasiewicz systemof continuous-valued
logic.
Definition 6.10. A fuzzy subsetµ of a Krasner (m, n)-hyperring R is called a fuzzifying hyperideal of R if and only if it satisfies:
(i) for any xm1 ∈ R,
|H [[x1 ∈ µ] ∧ · · · ∧ [xm ∈ µ] −→ [∀z ∈ f (xm1 ), z ∈ µ]],
(ii) for any x ∈ R,
|H [[x ∈ µ] −→ [−x ∈ µ]],
(iii) for any xn1 ∈ R,
|H [[x1 ∈ µ] ∨ · · · ∨ [xn ∈ µ] −→ [g(xn1) ∈ µ]].
Clearly, a fuzzifying hyperideal is an ordinary fuzzy hyperideal.
In [52], the concept of t-tautology is used, i.e.,
|Ht P if and only if [P] ≥ t for all valuations.
Now, we consider the following definition.
Definition 6.11. A fuzzy subset µ of a Krasner (m, n)-hyperring R is called a t-implication-based fuzzy hyperideal of R with
respect to implication−→ if and only if satisfies:
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(1) For any xm1 ∈ R
|Ht [[x1 ∈ µ] ∧ · · · ∧ [xm ∈ µ] −→ [∀z ∈ f (xm1 ), z ∈ µ]]
(2) For any x ∈ R,
|Ht [[x ∈ µ] −→ [−x ∈ µ]],
(3) For any xn1 ∈ R
|Ht [[x1 ∈ µ] ∨ · · · ∨ [xn ∈ µ] −→ [g(xn1) ∈ µ]].
Corollary 6.12. A fuzzy subset µ of a Krasner hyperring R is a t-implication-based fuzzy hyperideal of R with respect to
implication I if and only if
(i) I(µ(x1) ∧ · · · ∧ µ(xm),∧z∈f (xm1 ) µ(z)) ≥ t for all xm1 ∈ R,
(ii) I(µ(x), µ(−x)) ≥ t for all x ∈ R,
(iii) I(µ(x1) ∨ · · · ∨ µ(xn), µ(g(xn1))) ≥ t for all xn1 ∈ R.
Theorem 6.13. Let µ be fuzzy subset of a Krasner (m, n)-hyperring R.
(i) Let I = Igr . Then µ is a 0.5-implication-based fuzzy hyperideal of R if and only if µ is a fuzzy hyperideal with thresholds
α = 0 and β = 1 of R.
(ii) Let I = Ig . Then µ is a 0.5-implication-based fuzzy hyperideal of R if and only if µ is a fuzzy hyperideal with thresholds
α = 0 and β = 0.5 of R.
(iii) Let I = Icg . Then µ is a 0.5-implication-based fuzzy hyperideal with thresholds if and only if µ is a fuzzy hyperideal with
thresholds α = 0.5 and β = 1 of R.
Proof. It is straightforward. 
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